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1 
This invention relates o a new .class of un- 
saturated phosphonates..More par-ticulrly, the 
invention provideS unsaturated diesters Of al- 
kanephosphonic acids and cyclic hydrocarbon- 
substituted alkanephosphonic acids and the 
polymers of such diesters. 
The new esters are prepared by.reacting un- 
saturated triesters of phosPhorus acid with the 
corresponding :hydrocarbon 1]alide. The reac 
tion can be expressed by'the :equation, 
0 
(RO)P ÷ RX  (R0)ïP.R'÷RX 
The new esters bave been round :to exhibit 
priperties Which are predominantly:those of un- 
saturated diesters of saturated aliphatic dibasic 
acids. They bave been 'round to exhibit a pro- 
nounced resistance to burning and to impart a 
resistance to burning to compositions contain- 
ing .them asa component of a mixture, in solu- 
tion, or in the form of a chemically bound com- 
ponent, By virtue .of the predominantly satur- 
ated aliphatic characteristics of their acyl 
radicals, the monomeric compounds of the in- 
venton, ,which are cotorless, oily liqulds bave 
proven .to be unique .and particularly valuable 
plasticizers and modifying agents for many types 
of polymers. The new esters po]ymerize to form 
partcularly valuable polymers and copolymers 
having unique characteristics of color, clarity, 
hardness and resistnce to deterioration. 
The new 'esters are compounds of the formula 
0 
R'P(0.R)2 
where each R represents an unsaturated hydro- 
carbon radical and R' represents an alkane 
radical which may be substituted by=one or more 
Cycloalkane or aryl radicals. Such esters 
which the radicals represented by R  are ïlkënyl 
bave =been und fo Provide monomers for the 
formation of a preferred class of: polymers,, par- 
ticularly Whën the olefinic group s in a terminal 
position. Esters in which the radicals repre- 
sented by I are the a]]yl radicals or ifs termi- 
nally unsaturated homologs (radica]s of the for- 
mula C(R)C(R):CH where each R represents 
a hydrogen atom or an alkyl radical) are espe- 
cially suitable. Thus, dialkenyl alkanephospho- 
nates and dialkenyl aralkanephosphonates in 
which each alkenyl radical contains the group 
--C--C:CH attached to the oxygen atom con- 
stitute particularly valuable subclasses of the 
new esters. 
Illustrative examples of the compounds pro- 
vided by the present invention include diallyl 
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:2 
butnephosphonate, diallyl phenYlmethanepho s. 
Phonte, dicinnamyi methanephosPh0nate 
methallyl ëicösnëphosPh0ate, divinyl para 
tolylmethnephQsphonate, ,divinyl 2-Cycïohex 
5 ylethnephoSphofiate, p01y(diallyl 'butanePhes- 
Phnate), .poly (dialll Phenylmethanephospho« 
nte), dimethallyl :PrspanephosPhonate-diall.Yl 
phthalate Sp51mer, diallyi .2:phenylpropan- 
phOsh6natë:diallyl-mleate CbPS!ymer ,anti. 
10 Vinl penanëphësPhonate-vinyl :elaloridë 
polymer. 
In preparing the monomeric compounds of the 
present invention by reacting the coresponding 
unsaturated triester of phosphorus.,acid with the 
15 corresponding hydrocarbon halidel the reaction 
is preferably conducted at about the reflux tem- 
perature of the reaction mi.xture under atmos- 
pheric pressure. 
Illustrative examples of unsaturated riesters 
.20 of phosphorus from which thecompounds ofthe 
present invention can be prepred include .trial- 
lyl ,phósphite, trimethallyl "phosphite, trivinyl 
Ph0sphite, tri-2-buteyl phosphite,-tri-isopro- 
pnyl phosphite, tricinnamyl phosphite and tri- 
25 2«cyclohexyiallyl phosphïte. 
 Illustative .examples of hydrocarbon halides 
from which the compounds Of .the preSënt.ïn- 
ventïon can be prepared, include .butyl Chloride, 
benzyl chioHde, .propyi .bromide, Para-methyl- 
30 benzFl iodide, cyclohexylmethl . chloHde 
tetiaryebutyl chlOride.  
The polymeric compounds of the present in- 
vention are prepared by polymerizing or copoly- 
merizing the monomeric compounds of the 
 5 vention. The polymerization is preferably con- 
ducted by heating the .compounds in he 
presence of:free radicals. A wide varietyof pro- 
cedures for polymerizing organiC comp0undS in 
thë Presënce :f :free: rdiCals-re 'lnown,:and ïC 
40 suitab!y be'employed to form thë po!ymeficcom - 
pounds, offhe present"invention. A pticul- 
ty "suitabte procedure consiSts Of heting fhe 
monomers t- be- polymerized in the presence . of 
a peroxidic compound whichdecomposes to form 
45 free radicals, at a temperature at which the 
monomers..annal polymers are stable. The mix- 
ture l heated af aboutthe "dëcomposition tern 
perature of the peroxidic compound. 
Illustrative examples of compounds which 
5O when heated with the monomeric compounds of 
the invention or mixtures of polymerizable 
compounds containing them initiate the forma- 
tion of the polymers and copolymers provided 
by the present invention include di-tertiary- 
55 butyl peroxide, dibenzoyl peroxide, tertiary- 
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butyl hyIroperoxide, 2,2-bis(tertiary-butylPer- 
oxy)butane, tertiary-butyl perbenzoate and di- 
tertiary-butyl diperoxalate. 
The following examples are presented fo illus- 
fraie in detail procedures by which the com- 
pounds provided by the present invention can 
suitably be prepared. As the compounds pro- 
vided by the invention can bave a variety of 
different structures, and in some cases can be 
prepared by other procedures, the invention is 
hOt fo be construed as limited fo the particular 
materials or conditions specifled in the examples. 
Example I 
Diallyl phenylmethanephosphonate is pro- 
duced by refluxing for 20 hours at 130 ° C. a solu- 
tion eonsisting of 126 grains of benzyl chloride 
and 100 grams of triallyl phosphite. The ester 
is isolated by a fractional distillation of the 
reaction mixture. The diallyl phenylmethane- 
phosphonate is a colorless, oily liquid having a 
boiling point of 144-145 ° C. under 0.5 mm. Hg 
pressure and a refractive index (n 20/D) of 
1.5132. The structure of the diallyl phenyl- 
methanephosphonate is verifled by the fact that 
the ester is round to contain 12.3% phosphorus 
and to bave a molecular weight of 264. These 
figures are in good agreement with the value 
of 12.2% phosphorus and the molecular weight 
of 253 calculated ïrom the formula for the prod- 
uct, namely 
0 
--CH-- (0 CHCH=CH2) 

Examïole II 
Diallyl butanephosphonate is produced by re- 
fluxing for 20 hours at 70 ° C. a solution consisting 
of 500 grams of butyl chloride and 100 grams of 
triallyl phosphite. The ester, a colorless, oily 
liquid having a bofling point of 97-99 ° C. under 
2 mm. Hg pressure, and a refractive index 
(n20/D) of 1.4553, is isolated by a fractional dis- 
tillati0n of the reaction products. The diallyl 
butanephosphonate is round to contain 15.0% of 
phosphorus and to bave a molecular weight of 
212, in good agreement with the value of 14.2% 
phosphorus and the molecular weight of 218 
calculated from the formula for the product, 
namely 
- 0 
c2-1 (o 
Example III 
Poly(diallyl phenylmethanephosphonate) is 
prepared by heating a .solution consisting of 50 
grams of diallyl phenylmethanephosphonate, and 
0.5 gram of diltertiary-butyl peroxide at a rem- 60 
perature of 115 ° C. ïor 20 hours. The colorless, 
water clear polymer is isolated by extracting or 
fractionally distilling off the unxeacted monomers. 
Example IV 65 
Poly(diallyl butanephosphonate) is prepared 
by heting . solution consisting of 50 grains of 

4 
diallyl butanephosphonate and 0.5 grain of di- 
tertiary-butyl peroxide at a temperature of 115 ° 
C. for 20 hours. The colorless polymer is iso- 
lated by extracting or fractionally distilling off 
5 the unreacted monomers. 
Example V 
A solid copolymer oî diallyl butanephosphonate 
and diallyl phthalate is prepared by heating a 
10 solution consisting of 90 grains of dially phthal- 
are, 10 grains of diallyl butanephosphonate and 
2 grams of benzoyl peroxide for 24 hours at 450 ° 
C., 6 hours at 90 ° C. and 18 hours at 115 ° C. The 
polymer is isolated by extracting or fractionally 
15 distflling off the unreacted monomers and cata- 
lyst. 
We claire as our invention: 
1. Diallyl butanephosphonate. 
2. Diallyl phenylmethanephosphonate. 
20 3. Poly(diallyl butanephosphonate). 
4. A diallyl alkanephosphonate. 
5. A dialkenyl alkanephosphonate. 
6. A polymer of a dialkenyl alkanephosphonate. 
ï. A dialkenyl carbocyclic-substituted alkane- 
25 phosphonate. 
8. A poly of a dialkenyl carbocyclic-substituted 
alkanephosphonate. 
9. A dialkenyl alkanephosphonate in which 
both alkenyl radicals contain a lower 2-alkenyl 
30 group attached to the oxygen atom. 
10. A dialkenyl arylalkanephosphonate in 
which both alkenyl radicals contain a lower 
2-alkenyl group attached to the oxygen atom. 
il. A phosphonic acid ester having the struc- 
35 ture defined by the formula 
0 
R'--P (0 R) 
in which each  represents a mono-olefinically 
4O unsaturated hydrocarbon radical and ' repre- 
sents a member of the group consisting of alkane 
radicals and carbocyclic-substituted alkane radi- 
CalS. 
12. A Polymer of an ester defined in claire ll. 
45 DENHAM I-IARMAN. 
ALAN R. STILES. 
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